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The attenuated total reflection (ATR) spectra were recorded on a PerkinElmer Spectrum 100 FT-IR spectrometer. NMR spectra were obtained on a Bruker Avance 400 spectrometer at 400 MHz for 1 H and at 155.5 MHz for 7 Li.
Chemical shifts (δ) are given in ppm relative to the residual solvent peaks for 1 H, and to the The decomposition residues were analyzed by X-ray powder diffraction. X-ray powder diffraction data were collected on a Bruker D8 Advance diffractometer (Cu Kα radiation, focusing Göbel Mirror, LynxEye one-dimensional detector, step of 0.02 o 2θ, 20 °C). The crystalline samples under investigation were ground and placed in the dome-like airtight zerobackground holders inside a glove box. Le Bail fit for powder diffraction patterns has been performed using TOPAS, version 4 software package (Bruker AXS, 2006) . Magnetic properties were measured on polycrystalline samples, using a superconducting quantum interference device (SQUID) magnetometer MPMS-XL (Quantum Design). The samples were contained in sealed NMR tubes to avoid oxidation. Magnetic susceptibility was measured in a direct-current (DC) applied magnetic field of 0.1 T in the 1.8-300 K temperature range. Field-dependent magnetization data were collected at 1.8 K with the DC applied magnetic field varying from 0 to 7 T. The data were corrected for the diamagnetic contribution from the sample holder and for the intrinsic diamagnetism using tabulated constants. 2 The LiMn2-xCoxO4 oxide samples for electron ESI2 diffraction investigation were prepared by crushing the microcrystalline powder in a mortar in ethanol and depositing drops of suspension onto holey carbon grids. Electron diffraction (ED) patterns, high-angle annular dark field scanning transmission electron microscopy (HAADF-STEM) images and energy-dispersive X-ray (EDX) spectra were obtained with an aberrationcorrected Titan G3 electron microscope that is operated at 200 kV and equipped with Super-X EDX system.
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Synthesis of Heterometallic Precursors
LiMnCo(thd)5 (1a)
Solid State Synthesis. Anhydrous MnCl2 (10 mg, 0.079 mmol) and CoCl2 (10 mg, 0.079 mmol)
were finely ground in an agate mortar. The resultant powder was mixed with Li(thd) (76 mg, 0.40 mmol) and sealed in an evacuated glass ampule, which was placed in an electric furnace.
The ampule was kept at 110 °C for 6 weeks to allow purple crystals to be deposited in the cold section of the container, where the temperature was set approximately 5 °C lower. Yield is ca. 54 mg (65%, crystals collected).
Solution Synthesis.
A mixture of Li(thd) (378 mg, 1.98 mmol), MnCl2 (50 mg, 0.40 mmol), and CoCl2 (50 mg, 0.40 mmol) in 50 mL of anhydrous toluene was refluxed (at ca. 111 ºC) for 3 weeks, resulting in a cloudy purple solution. After LiCl was filtered off, the solvent was evaporated under vacuum at room temperature. The final product was obtained by further drying the residue under vacuum at 80 °C overnight. Yield is ca. 370 mg (90%). The purity of crystalline product was confirmed by X-ray powder diffraction ( Figure S1 and Table S1 ). were finely ground in an agate mortar. The resultant powder was mixed with Li(thd) (146 mg, 0.77 mmol) and sealed in an evacuated glass ampule, which was placed in an electric furnace.
The ampule was kept at 110 °C for 1 month to allow light-purple crystals to be deposited in the cold section of the container, where the temperature was set approximately 5 °C lower. Yield is ca. 112 mg. (70%, crystals collected).
Solution Synthesis. A mixture of Li(thd) (438 mg, 2.30 mmol), MnCl2 (87 mg, 0.69 mmol), and CoCl2 (30 mg, 0.24 mmol) in 50 mL of anhydrous toluene was refluxed (at ca. 111 ºC) for 2 weeks, resulting in a cloudy purple solution. After LiCl was filtered off, the solvent was evaporated under vacuum at room temperature. The final product was obtained by further drying the residue under vacuum at 80 °C overnight. Yield is ca. 430 mg (90%). The purity of crystalline product was confirmed by X-ray powder diffraction ( Figure S2 and Table S2 ). 
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Single Crystal X-ray Crystallographic Procedures
The single crystal diffraction data for LiMnCo(thd)5 (1a) were measured at 100 K on a Bruker SMART APEX CCD X-ray diffractometer equipped with a graphite monochromated Mo Kα radiation source (λ = 0.71073 Å). Data reduction and integration were performed with the Bruker software package SAINT (version 8.34A).
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Data were corrected for absorption effects using the empirical methods as implemented in SADABS (version 2016/2). anisotropically. Hydrogen atoms were included in idealized positions for structure factor calculations with Uiso(H) = 1.2 Ueq(C) and Uiso(H) = 1.5 Ueq(C) for methyl groups. The highly disordered molecule in the asymmetric unit was modeled with anisotropic thermal parameters using similarity restraints (SAME command in SHELXL). One of the tert-butyl groups in the ordered molecule was also modeled with anisotropic thermal parameters using similarity restraints (SAME command in SHELXL). The displacement parameters of disordered parts were also restrained with the combination of RIGU/SIMU commands. All restraint commands were applied using their SHELXTL program default estimated standard deviations. Crystallographic data, details of the data collection and structure refinement for LiMnCo(thd)5 (1a) are listed in Table S4 .
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Resonant Diffraction Crystallographic Procedures
A single crystal of LiMn1.5Co0.5(thd)5 (1b) heterometallic complex was mounted on a glass fiber and cooled to 100 K using an and refined by a full-matrix least-squares procedure using OLEX2. 5, 7, 8 The scan at 30.0 keV, which is energetically well above the atomic absorption energies, provided a least-squares refinement of all model positional and displacement parameters. Crystallographic data, details of the data collection and structure refinement for LiMn1.5Co0.5(thd)5 (1b) are listed in Table S4 .
A total of seven datasets were collected for the LiMn1.5Co0.5(thd)5 (1b) crystal, among those six anomalous diffraction data sets were collected near or at the absorption K-edges of Mn and Co.
Three datasets spanning the absorption K-edges of each metal were collected. Mn K-edge: 6.489 keV (1.9107 Å), 6.539 keV (λ = 1.8961 Å), and 6.589 keV (1.8817 Å); Co K-edge: 7.659 keV (1.6188 Å), 7.709 keV (λ = 1.6083 Å), and 7.759 (1.5979 Å). Drop of electron density at the particular metal site followed by its increase assured covering of the K-edge of the metal ( Figures S7, S8) . For further refinement of Mn/Co site compositions, anomalous data sets collected at the lower-energy side of the absorption edge were used to minimize solid-state effects neglected for calculations of dispersion factors.
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The corresponding occupancies were constrained such as the total site occupation did not exceed unity. GSAS-II refinement package 
149.24 (7) O (2) Table S6 for the results of structure refinement. 
ATR-IR Spectrum of Heterometallic Precursors
Figure S10. The attenuated total reflection (ATR) spectrum of LiMnCo (thd)5 (1a). 
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Theoretical Calculations
All geometry optimizations were performed at the DFT level of theory with a help of hybrid exchange-correlation functional PBE0 with Grimme's 14, 15 empiric dispersion corrections (here D3 type 16 ). All atoms were described by TZVP basis sets. Relativistic effects were accounted explicitly through the ZORA approximation. The nature of stationary points on the potential energy surface (PES) was determined by calculation of the full Hessian matrix followed by computing harmonic vibrational frequencies. In order to accelerate calculations, all structures were pre-optimized using recently proposed method PBEh-3c. 17 In order to obtain better evaluation of energetics, single-point calculations were performed with recently developed double-hybrid DFT functional with empiric dispersion corrections (here B2PLYP-D3
18
). In order to accelerate calculations, the "chain-of-spheres" algorithm 19 was applied (RIJCOSX keyword in ORCA terminology). All calculations at this level of theory were performed using ORCA (v. 
